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(57) ABSTRACT

An image pickup apparatus includes an image pickup ele-
ment that includes a plurality of image pickup pixels and a
plurality of focus detecting pixels, a detector configured to
detect a phase difference between two images of the object on
a secondary imaging plane, and a controller configured to
provide focusing based on a defocus amount obtained from a
detection result of the detector for a first focus detecting point,
and set a correcting value used to correct a defocus amount
obtained from a next detection result of the detector so that a
difference can reduce between the defocus amount obtained
from the detection result of the detector for the first focus
detecting point and a defocus amount obtained from the focus
detecting pixels for the first focus detecting point of a cap-
tured image of the object that has been captured.
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1
IMAGE PICKUP APPARATUS AND
FOCUSING METHOD WITH FIRST AND
SECOND IMAGE PICKUPS ON PRIMARY
AND SECONDARY IMAGING PLANES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image pickup apparatus
and a focusing method.

2. Description of the Related Art

A phase difference detecting method is known as an auto-
focusing (“AF”) method. Japanese Patent Laid-Open No.
(“JP*’) 2009-244429 proposes an image pickup apparatus that
includes an image pickup element that has focus detecting
pixels and is configured to provide a phase difference AF on
an image pickup plane, and a dedicated sensor that provides a
phase difference AF on a secondary imaging plane. Other
prior art include JP 2001-174690, 2001-128044, and 2005-
12307.

Since focus detecting data from the dedicated sensor rep-
resents the just previous state of the image pickup, the focus
detecting data generated by the dedicated sensor at the focus
detecting time does not correspond to a captured image when
an object is a moving body, due to a time lag from the focus
detection to image pickup. As a result, the in-focus precision
deteriorates. Although there are conventionally demands for
the improved in-focus precision in the phase difference AF
using the dedicated sensor, none of prior art propose effective
means for improving the in-focus precision using the dedi-
cated sensor.

SUMMARY OF THE INVENTION

The present invention provides an image pickup apparatus
and focusing method which can improve the in-focus preci-
sion using a dedicated sensor.

An image pickup apparatus according to the present inven-
tion includes an image pickup element that includes a plural-
ity of image pickup pixels each configured to generate an
image of an object by performing a photoelectric conversion
for light from an image pickup lens, and a plurality of focus
detecting pixels each configured to receive light that passes
part of an exit pupil of the image pickup lens, a detector
configured to detect a phase difference between two images
of the object on a secondary imaging plane, and a controller
configured to provide focusing based on a defocus amount
obtained from a detection result of the detector for a first focus
detecting point, and set a correcting value used to correct a
defocus amount obtained from a next detection result of the
detector so that a difference can be reduced between the
defocus amount obtained from the detection result of the
detector for the first focus detecting point and a defocus
amount obtained from the focus detecting pixels for the first
focus detecting point of a captured image of the object that
has been captured.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a digital single-lens reflex
camera of this embodiment.

FIG. 2 is a sectional view of the digital single-lens reflex
camera in a state different from that illustrated in FIG. 1.
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2

FIG. 3 is a block diagram of a control system of the digital
single-lens reflex camera illustrated in FIG. 1.

FIG. 4 is a flowchart for explaining an operation of the
digital single-lens reflex camera illustrated in FIG. 1.

FIG. 5 is a flowchart for explaining a normal image pickup
routine illustrated in FIG. 4.

FIG. 6 is a flowchart for explaining a signal recording
routine from focus detecting pixels illustrated in FIG. 5.

FIG. 7 is a flowchart for explaining a defocus correcting
value setting routine illustrated in FIG. 4 according to a first
embodiment.

FIG. 8 is a flowchart for explaining a defocus correcting
value setting routine illustrated in FIG. 4 according to a sec-
ond embodiment.

FIG. 9 is a flowchart for explaining a defocus correcting
value setting routine illustrated in FIG. 4 according to a third
embodiment.

FIG. 10 is a flowchart for explaining a defocus correcting
value setting routine illustrated in FIG. 4 according to a fourth
embodiment.

FIG. 11 is a flowchart for explaining a defocus correcting
value setting routine illustrated in FIG. 4 according to a fifth
embodiment.

FIG. 12 is a diagram of a liquid crystal monitor illustrating
a state of S167 illustrated in FIG. 11.

FIG. 13 is a flowchart for explaining an operation of a
digital single-lens reflex camera according to a sixth embodi-
ment.

FIG. 14 is a flowchart for explaining a defocus correcting
value setting routine of S177 illustrated in FIG. 13.

FIG. 15 is a flowchart for explaining an operation of a
digital single-lens reflex camera according to a seventh
embodiment.

FIG. 16 is a flowchart for explaining a warning determining
routine of S178 illustrated in FIG. 15.

FIG. 17 is a diagram of a liquid crystal monitor illustrating
a warning display of S186 illustrated in FIG. 16.

DESCRIPTION OF THE EMBODIMENTS

FIGS. 1 and 2 are sectional views of a digital single-lens
reflex camera (image pickup apparatus) of this embodiment.
The image pickup apparatus of this embodiment is not limited
to the digital single-lens reflex camera.

Reference numeral 1 denotes a camera body, reference
numeral 2 denotes a mount that enables an image pickup lens
3 to be removably attached to the camera body 1, and includes
an interface unit configured to transmit a variety of signals
and supply driving power.

Reference numeral 3 denotes an exchangeable image
pickup lens, which includes a focus lens unit, a zoom lens
unit, and a stop unit (not illustrated). In FIGS. 1 and 2, one
lens conveniently represents each lens unit; for example, a
focus lens 3a represents the focus lens unit. However, each
complicated lens unit actually includes a plurality of lenses.
FIGS. 1 and 2 do not intend to limit the focus lens 3a to a front
lens of the image pickup lens 3.

Reference numeral 4 is a main mirror including a half-
mirror rotatable in accordance with an operational state of the
camera. The main mirror 4 is inclined in the image pickup
optical path when a viewfinder is used to observe an object,
and deflects and guides a light flux from the image pickup lens
3 to a finder optical system, which will be described later
(FIG. 1). The main mirror 4 retreats from the image pickup
optical system at the image pickup time or the live view time,
and allows a light flux from the image pickup lens 3 to enter
an image pickup element 6, which will be described later.
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Reference numeral 5 denotes a shutter configured to con-
trol the incidence of the light flux from the image pickup lens
3 on the image pickup element 6, which will be described
later. The shutter 5 is closed usually (FIG. 1), and opened at
the image pickup time or at the live view time (FIG. 2).

Reference numeral 6 denotes an image pickup element
including a CMOS image sensor and its peripheral circuit.
The image pickup element 6 is configured so that all of its
pixels can independently output a signal. In addition, parts of
the pixels are focus detecting pixels that enable a focus detec-
tion of a phase difference detecting method (phase difference
AF) on an image pickup plane. More specifically, the image
pickup element 6 includes a plurality of image pickup pixels
each of which is configured to generate an image of the object
when receiving light from the entire region on the exit pupil of
the image pickup lens 3 configured to generate an image of
the object.

The image pickup lens 6 further includes a plurality of
focus detecting pixels each of which is configured to receive
light that passes part of the area of the exit pupil of the image
pickup lens 3. The plurality of focus detecting pixels as a
whole can receive the light that passes the entire region of the
exit pupil of the image pickup lens 3.

The image pickup plane phase difference AF is similar to
that disclosed in JP 2009-244429, and a detailed description
thereof will be omitted. In this embodiment, a block is defined
as a square area of 100 pixels including 10 column times 10
rows. A cluster is defined as an area of 2x2=4 blocks. A field
is defined as an area of 5x5=25 clusters. A section is defined
as an area of 1 block in the lateral direction and 10 blocks in
the longitudinal direction, totally 10 blocks.

One focus detecting area includes a plurality of (e.g., 10 in
this embodiment) sections in the lateral direction. In other
words, one focus detecting area has an area of 100 columns
times 100 rows equal to ten thousand pixels in this embodi-
ment, which is the same as one field. One focus detecting area
constitutes one focus detecting point.

Reference numeral 7 denotes a sub-mirror configured to
rotate with the main mirror 4. The sub-mirror 4 deflects and
guides the light flux that has transmitted through the main
mirror 4 to an AF sensor 8, which will be described later (FIG.
1) when the main mirror is inclined in the image pickup
optical path. The sub-mirror 7 rotates with the main mirror 4
atthe image pickup time and at the live view time, and retreats
from the image pickup optical path (FIG. 2). The sub-mirror
7 is not a half-mirror, and shields the light from the image
pickup element 6.

Reference numeral 8 denotes a dedicated sensor (AF sen-
sor) that serves as a detector, and includes a secondary imag-
ing lens and a plurality of photoelectric conversion elements,
like a CCD or CMOS area sensor. The AF sensor 8 is config-
ured to detect a phase difference (or an interval) between two
images of the object on the secondary imaging plane and to
detect a phase difference. The AF sensor 8 outputs a potential
change of the object image formed on the photoelectric con-
version element; the MPU 20 obtains a defocus amount based
on the output and provides the AF.

Reference numeral 9 denotes a focus plate arranged on a
primary imaging surface of the image pickup lens 3, which
includes a Fresnel lens (condenser lens) on an incidence plane
and forms an object image (finder image) on an exit plane.
Reference numeral 10 denotes a pentaprism used to deflect a
finder optical path, and correct an object image formed on the
exit plane of the focus plate 9 into an erect image. Reference
numerals 11, 12 denote eyepieces. The finder optical system
is an optical system that includes the focus plate 9, the pen-
taprism 10, and the eyepieces 11, 12.
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Reference numeral 13 denotes an automatic exposure
(“AE”) sensor, which includes photodiodes each correspond-
ing to each of multi-divided image pickup areas, and is con-
figured to measure the brightness of the object image formed
on the exit plane of the focus plate 9.

Reference numeral 14 denotes a liquid crystal monitor
(display unit) configured to display a captured image and a
variety of types of image pickup information. The liquid
crystal monitor 14 displays an image of the object captured by
the image pickup element 6 at the live view mode time, and
AF frames which can be settable and has been set by a MC 33
that serves as an AF frame setting unit, which will be
described later.

FIG. 3 is a block diagram of a control system of the digital
single-lens reflex camera.

Reference numeral 20 is a microprocessor (referred to as a
“MPU” hereinafter) configured to control the camera body
and the entire camera.

The MPU (controller) 20 provides focusing based on a
(first) defocus amount of a focus detecting point obtained by
the AF sensor 8 as the detector. The AF frame is set by the MC
33 as the frame setting unit, as described later.

The MPU 20 also calculates a (second) defocus amount of
an AF frame by performing the phase difference AF and by
calculating output signals for the focus detecting pixels of the
AF frame. The MPU 20 sets a correcting value for correcting
a defocus amount obtained from a next detection result of the
AF sensor based on a difference between the first defocus
amount and the second defocus amount or provides a warning
display.

Reference numeral 21 denotes a memory controller con-
figured to provide a variety of types of controls of image data.
Reference numeral 22 denotes an EEPROM configured to
store settings for a variety of types of controls and adjustment
data, etc., and the settings for the variety of types of controls
includes a setting of a correcting value used for focusing,
which will be described later. The SDRAM 43, which will be
described later, may store the setting of the correction value
used for focusing, which will be described later.

Reference numeral 23 denotes a lens control circuit for the
lenses in the image pickup lens 3, which is connected to the
MPU 20 through the mount 2 and provides focusing (in-focus
driving) of the focus lens 3a and drives the stop unit based on
information, which will be described later.

Reference numeral 24 denotes a focus detecting circuit
configured to control the accumulation and readout of the
area sensor of the AF sensor 8, and to output to the MPU 20
pixel information of each focus detecting point (or each focus
detecting area frame). The MPU 20 performs a known phase
difference AF for the pixel information of each focus detect-
ing point, sends the detected focus information to the lens
control circuit 23, and provides focusing of the focus lens 3a.
A series of this operation from focus detecting to in-focus
driving will be referred to as an AF operation.

More specifically, an in-focus position is calculated from
an image shift amount between two images formed by object
light fluxes that pass two different areas that held the optical
axis of the image pickup lens 3. The light fluxes of these two
images pass the main mirror 4, are reflected by the sub-mirror
7, and are guided to the AF sensor 8. The MPU 20 reads out
signals of these two images, calculated the image shift
amount by performing a correlative operation for these sig-
nals, and converts the image shift amount into a defocus
amount for each focus detecting point.

Reference numeral 25 denotes a photometric circuit con-
figured to output a brightness signal from each area of the AE
sensor 13 to the MPU 20. The MPU performs an analog-to-
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digital conversion for the brightness signal into photometric
information of the object, calculates and sets image pickup
exposure using the photometric information. A series of
operations from obtaining this photometric information to
setting image pickup exposure will be referred to as an AE
operation hereinafter.

Reference numeral 26 denotes a motor driving circuit con-
figured to control a motor (not illustrated) for driving the main
mirror 4 and a motor (not illustrated) for charging the shutter
5. Reference numeral 27 denotes a shutter driving circuit
configured to control power supply to a coil (not illustrated)
for opening and closing the shutter 5. Reference numeral
denotes a DC/DC converter configured to convert a voltage of
the power source 29 into a voltage necessary for each circuit.

Reference numeral 30 denotes a release button configured
to output signals of SW1 and SW2 to the MPU 20. SW1 is a
switch configured to turn on by a first stroke (half-pressing)
and to start the photometry and the AF operation. SW2 is a
switch configured to turn on by a second stroke (full pressing)
and to start the exposure operation.

Reference numeral 31 denotes a mode button. When an
electronic dial 32 and the MC 33 are operated after the mode
button is operated, a variety of types of modes are changed in
accordance with the input. When the button is again operated,
the mode is set. These modes include an automatic setting
mode of a correcting value, which will be described later with
reference to FIG. 8, and a learning function setting mode,
which will be described later with reference to FIG. 9.

Reference numeral 32 denotes an electronic dial config-
ured to output an ON signal in accordance with the dial’s
rotating clicks to an up/down counter (not illustrated) in the
MPU 20, and the number is counted. In accordance with the
counted value, a variety of types of numerical values, data,
etc. are selected.

Reference numeral 33 denotes a multi-controller (“MC”)
that serves as an input unit used to select and set an AF frame
(focus detecting frame) and a variety of types and modes
displayed on the liquid crystal monitor 14 at the live view
time. The MC 33 allows inputs in such eight directions as up
and down, left and right, up and to the right, down and to the
right, up and to the left, and down and to the left, and an input
by pressing.

The MC 33 serves as a mode setting unit configured to set
a live view mode. The MC 33 also serves as a frame setting
unit configured to set an AF frame that is a target of a focus
detection, to an arbitrary position in the image pickup area of
the image pickup element 6. In this embodiment, the AF
frame is set to a size of 6 fields in the lateral direction and 6
fields in the longitudinal direction, and can be moved to an
arbitrary position in the image pickup area in accordance with
an input signal of the MC 33. In an example, the AF frame is
moved every one field unit.

Reference numeral 34 denotes a power button configured
to power on and off the camera when operated. Reference
numeral 35 denotes a reproduction button, which enables,
when operated, an image recorded in the media 48, which will
be described later, to be displayed on the liquid crystal moni-
tor 14.

Reference numeral 40 is a CDS (corrected double sam-
pling)/ AGC (automatic gain control) circuit for sample hold-
ing and automatic gain control of an image signal output from
the image pickup element 6. Reference numeral 41 denotes an
A/D converter configured to convert an analog output to a
digital signal.

Reference numeral 42 denotes a TG (timing generator)
configured to supply a driving signal to the image pickup
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element 6, a sample-holding signal to the CDS/AGC circuit
40, and a sample clock signal to the A/D converter 41.

Reference numeral 43 denotes an SDRAM (memory) con-
figured to temporarily record an image etc. digitalized by the
A/D converter 41. The SDRAM 43 can record output signals
of focus detecting pixels of the entire region of the image
pickup area of the image pickup element 6. Alternatively, the
SDRAM 43 calculates and records a defocus amount by
performing a phase difference AF for the entire region of the
image pickup area of the image pickup element 6.

Reference numeral 44 denotes an image processing circuit
configured to perform a Y/C (brightness signal/color differ-
ence signal separation, a white balance correction, and a y
correction for an image. Reference numeral 45 denotes an
image compression/decompression circuit configured to
compress an image in accordance with JPEG or another for-
mat or to decompress the compressed image. The memory
controller 21 allows the image processing circuit 44 to pro-
cess an image signal output from the image pickup element 6,
and obtains photometric information of the object.

Reference numeral 46 denotes a D/A converter configured
to convert an image into an analog signal so as to display on
the liquid crystal display 14 an image recorded in the
SDRAM 43 or the media 48, which will be described later.
Reference numeral 47 denotes an I/F (interface) with the
media 48 so as to store the image.

The image file has an application marker segment used to
record Exif appendix information. The application marker
segment has 07 IFD used to record appendix information
relating to a compressed (primary) image, Exif IFD used to
record appendix information specific to Exif, and 1% IFD used
to record a thumbnail image.

Exif IFD has a value of Exif IFD (“VEIFD”) that is actually
used to record data, such as a defocus amount of each focus
detecting area (focus detecting data) obtained by the image
pickup plane phase difference AF. The defocus amount data
starts with recording from an upper left focus detecting area
(field) on an image pickup plane and ends with recording to a
lower right focus detecting area on the image pickup plane.
When recording of the column in the horizontal direction
ends, a field of the next row in the perpendicular direction
starts.

Raw image data is referred to as an image file of a RAW
data format before an image signal output from the image
pickup element 6 and digitalized by the A/D converter 41
receives a variety of types of processing including a Y/C
(brightness signal/color difference signal separation, a white
balance correction, ay correction, and a compression process.

The image file in the RAW data format has fields for image
appendix information recordable a variety of types of infor-
mation in accordance with a tag format of the Exif format,
thumbnail data, and RAW data holding output data for each
focus detecting pixel. The image appendix information holds
positional information of the focus detecting pixels indicative
of' where the focus detecting pixels are arranged in the image
pickup element 6.

First Embodiment

FIG. 4 illustrates an operational flow of the MPU 20 ofthe
digital single-lens reflex camera, and “S” in FIG. 4 and sub-
sequent figures stands for the step.

Initially, when the power button 34 becomes turned on, the
MPU 20 confirms operations of each actuator and the image
pickup element 6 (S101), detects initialization states of the
memory contents and execution programs, and executes an
image pickup preparation operation. Next, the MPU 20 per-
forms a variety of types of settings (such as an image pickup
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mode and a shutter speed) of the camera in response to a
variety of types of button operations (S102).

Next, the MPU 20 waits for turning on of SW1 (5103), and
performs a phase difference AF using the AF sensor (dedi-
cated sensor) 8 when determining that SW1 has been turned
on (S104). Next, the MPU 20 performs an AE operation using
the AE sensor 13 (8105), and displays a position of the focus
detecting point that is focused on the viewfinder (5S106).

Next, the MPU 20 waits for turning on SW2 (S107), and
performs normal image pickup when determining that SW2
has been turned on (S108). FIG. 5 is a normal image pickup
routine.

Initially, the MPU 20 controls a mirror driving motor (not
illustrated) through the motor driving circuit 26, and retreats
(or moves up) the main mirror 4 and the sub-mirror 7 from the
image pickup optical path, as illustrated in FIG. 2 (S111).

Next, the MPU 20 allows the lens control circuit 23 to drive
the stop (not illustrated) in the image pickup lens 3 in accor-
dance with the image pickup exposure calculated based on the
AE result (S112), and allows the shutter driving circuit 27 to
open and close the shutter 5 (S113).

Next, the MPU 20 allows the memory controller to read out
and temporarily store in the SDRAM 43 the image signal
derived from the light received by the image pickup element
6 (S114). This temporarily stored data is the image pickup
data.

Next, the MPU 20 interpolates the defective pixels of the
image signal read out by the memory controller 21 (S115).
Since the focus detecting pixels have no RGB color informa-
tion and correspond to defective pixels, the image signal is
generated through interpolations using information of the
surrounding image pickup pixels. A defective-pixels interpo-
lated image is made by interpolating the defective pixels from
the generated image signal and the original image signal, and
temporarily stored in the SDRAM 43.

Next, the MPU 20 allows the memory controller 21 to
prepare a thumbnail image based on the defective-pixels
interpolated image and to temporarily store it in the SDRAM
43 (S116). Next, the MPU 20 determines which of JPEG and
RAW is selected for the recorded image quality of the cap-
tured image (S117), and executes the focus detecting pixel
(AF pixel) signal recording routine (S118) when JPEG is
selected.

FIG. 6 is an AF pixel signal recording routine of 5118.

Initially, the MPU 20 reads out each focus detecting pixel
contained in each focus detecting area using the image signal
temporarily stored in SDRAM 43 and the memory controller
21 (S131). Next, the MPU 20 allows the memory controller
21 to add the focus detecting pixels in each section, and
obtains the AF pixel signal of each section (S132).

Next, the MPU 20 generates signals of two images for
correlative operation based on the AF pixel signal, for each
focus detecting area (S133). The focus detecting area is the
same area as one field, and 1350 pairs of signals are generated
for the entire image pickup area in this embodiment.

Next, the MPU 20 performs a correlative operation for the
obtained two images, and calculates a relative positional shift
amount between the two images (S134). Next, the MPU 20
operates a defocus amount (S135). Next, the MPU 20 allows
the memory controller 21 to temporarily store the operated
defocus amount in the SDRAM 43 (S136). The defocus
amount has data of 1350 focus detecting areas.

Turning back to FIG. 5, the MPU 20 allows the image
processing circuit 44 to perform image processing, such as a
white balance correction, a y correction, and an edge enhance-
ment, for the defective-pixels interpolated image, and allows
the image compression/decompression circuit 45 to com-
press the resultant image in accordance with the JPEG format.
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In addition, the MPU 20 allows the memory controller 21 to
record the data in the image compression data unit. Moreover,
the MPU 20 stores a thumbnail image in the 1°* IFD and
defocus amount data in the VEIFD. Furthermore, the MPU 20
stores a variety of types of settings of the camera (such as a
shutter speed, an aperture value, and a lens focal length) in
accordance with the Exif rule, and prepares JPEG files of an
image and a variety of types of data.

On the other hand, when the MPU 20 determines that RAW
is selected (S117), the MPU 20 allows the memory controller
21 to record in the RAW data the image signal temporarily
stored in the SDRAM 43. In addition, the MPU 20 records the
positional information of the focus detecting pixels and a
variety of types of setting of the camera in the image appendix
information and the thumbnail image in the thumbnail data,
thereby making RAW files of an image and a variety of types
of data (5120).

Next, the MPU 20 records the JPEG or RAW image file in
the media 48 (S121). Next, the MPU 20 controls a mirror
driving motor (not illustrated) via the motor driving circuit
26, and moves down the main mirror 4 and the sub-mirror 7
that have been retreated from the image pickup optical path to
observation positions to reflect and guide the image pickup
light flux to the viewfinder (S122). Next, the MPU 20 controls
electrifications to the charging motor (not illustrated) through
the motor driving circuit 26, and charges the shutter 5 (S123).

Next, turning back to FIG. 4, the MPU 20 executes the
defocus correcting value setting routine (S109).

FIG. 7 illustrates a flow of a defocus correcting value
setting routine of S109.

Initially, the MPU 20 reads out a defocus amount of each
focus detecting point from the image signal temporarily
recorded in the SDRAM 43 through the memory controller 21
(S141). In addition, the MPU 20 confirms the focus detecting
point for which the in-focus operation to be corrected is
performed by the memory controller 21 (S142).

Next, the MPU 20 sets a correcting value for lowering or
removing a defocus amount of the focus detecting point of
5142 in the EEPROM 22 (S143). Next, the MPU 20 sends the
correcting value to the lens control circuit 23 so that the
correcting value can be reflected for the next lens driving
control and used for in-focus driving of the focus lens unit of
the image pickup lens 3 (S144).

Next, turning back to FIG. 4, the MPU 20 determines
whether the camera is powered off by the OFF manipulation
of'the power button 34. When the camera is not powered off,
the MPU 20 returns the flow to S102. When the camera is
powered off, the MPU 20 ends the operation (S110).

In this embodiment, after a defocus amount is detected
using the AF sensor 8 (S104), a defocus amount of the focus
detecting point read out of the actually captured image signal
(captured image) is calculated, and the defocus amount using
the AF sensor is corrected based on the read data.

Only focusing using the AF sensor 8 may cause defocus
due to the scattering secondary imaging focus detecting pre-
cision and scattering driving precision (such as stopping pre-
cision) of the image pickup lens at the focusing time. This
embodiment can precisely set a correcting value of a defocus
amount, and reflect a correcting value in the next lens driving
control. As a result, the in-focus precision of the phase dif-
ference AF on the secondary imaging plane can be improved.

While the image pickup plane phase difference AF data
recorded in the JPEG file is a defocus amount of each focus
detecting area in this embodiment, a defocus-amount calcu-
lating range is not limited to the focus detecting area and may
be setevery section. The image pickup plane phase difference
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AF data is not limited to the defocus amount but may be
distance measurement data, such as a distance from the cam-
era to an object which is calculated based on the information
of the image pickup lens 3 and the defocus amount. In addi-
tion, since the focus detecting pixel data is recorded in the
RAW data, the image pickup plane phase difference AF data
is not recorded in the image appendix information but may be
recorded similar to the JPEG file.

Second Embodiment

This embodiment uses a defocus correcting value setting
routine illustrated in FIG. 8 instead of that illustrated in FIGS.
7.S141 and S142 are similar to those illustrated in FIG. 7, and
the MPU 20 determines whether the defocus correction is
automatically set after S142 (S145).

When the defocus correction is not automatically set (N of
S145), amanual correction-value input mode is set. The MPU
20 displays the focus detecting points confirmed in S142
(S146), displays a correcting value obtained in S141 (S147),
and allows a photographer to input the correcting value
(S148).

After S148 or when the MPU 20 determines that defocus
correction is automatically set (Y of S145), the MPU 20
performs S143 and S144 illustrated in FIG. 7, and thereafter
moves to S110 illustrated in FIG. 4.

This embodiment enables a photographer to manually
input a correcting value in S146 to S148. Therefore, this
embodiment can improve the in-focus precision by setting a
correcting value individually suitable for the in-focus state
which is considered appropriate by the photographer.

Third Embodiment

This embodiment uses a defocus correcting value setting
routine illustrated in FIG. 9 instead of that illustrated in FIGS.
7.5141 and S142 are similar to those steps illustrated in FIG.
7, and the MPU 20 determines whether a learning function is
set after S142 (S149).

When the learning function is set (Y of S149), a correcting
value input mode using the learning function is set and the
MPU 20 sets the learning number (S150). When the learning
number N is set, the MPU 20 learns defocus amounts N times.
When N defocus amounts are learned, the learning number is
reset. The post-reset number starts with “once.” When the
learning number is set to “0 times,” the defocus amounts are
continuously learned.

Next, the MPU 20 stores the set number of defocus
amounts (S151), and then resets the stored defocus amount.
When the number is reset and the learning number is set to “0
times,” the defocus amounts are continuously stored. In this
case, an upper limit of the storing number of the defocus
amount may be set in accordance with the storage capacity of
the SDRAM 43.

Next, the MPU 20 calculates a correcting value of the
defocus data through averaging (S152). For example, when
the learning number is set to three times, rather than calcu-
lating a correcting value after the defocus amount data is
stored three times, a correcting value is obtained at the first
time, calculated based on an average of the two defocus
amounts at the second time, and calculated based on an aver-
age of'the three defocus amounts at the third time. Even when
the learning number is reset, the calculated correcting value is
preserved. In addition, a plurality of correcting values may be
held.

When the learning number is set to “O times,” the defocus
amount data are continuously stored in S151 and the correct-
ing values are continuously calculated in S152. In this case, a
correcting value may be calculated after an upper limit of the
storing number of defocus amounts is set in accordance with
the storage capacity of the SDRAM 43.
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After S152 or when the MPU 20 determines that the learn-
ing function is not automatically set (N of S149), the MPU 20
performs S143 and S144 illustrated in FIG. 7 and thereafter
moves to S110 illustrated in FIG. 4.

This embodiment calculates a correcting value based on an
average of a plurality of defocus amounts through S150 to
S152, is unlikely to set a correcting value that happens to
contain a large error, and improves the in-focus precision.
Fourth Embodiment

This embodiment uses a defocus correcting value setting
routine illustrated in FIG. 10 instead of that illustrated in
FIGS.7.5141 and S142 are similar to those illustrated in FIG.
7, and the MPU 20 determines whether an exchange lens is
attached after S142 (S153).

When the MPU 20 determines that the exchange lens has
been attached (Y of S153), the MPU 20 identifies lens specific
information of the exchange lens (S154). The lens specific
information contains a lens ID used to identify a lens type, a
lens open F value, etc., and the lens control circuit 23 and the
MPU 20 can identify the lens specific information by com-
municating with the image pickup lens 3.

Next, the MPU 20 calculates a correcting value of the
defocus amount (S155), and stores a correcting value for lens
specific information in the EEPROM 22 (S156). Thereafter,
the MPU 20 performs 5143 and 5144 illustrated in FIG. 7, and
thereafter moves to 5110 illustrated in FIG. 4.

On the other hand, when the MPU 20 determines that the
exchange lens is not attached (N of S153), the MPU 20 warns
the photographer of the non-attachment of the lens (S157)
and thereafter moves to S110 of FIG. 4.

According to this embodiment, the MPU 20 sets a correct-
ing value for the lens specific information, and can improve
the in-focus precision without using an erroneous correcting
value for the image pickup lens.

Fifth Embodiment

This embodiment uses a defocus correcting value setting
routine illustrated in FIG. 11 instead of that illustrated in FIG.
7.

Initially, the MPU 20 detects that the camera is switched
from the image pickup mode to the image reproducing mode
after the reproduction button 35 is turned on (S161), and
allows the memory controller 21 to display on the liquid
crystal monitor 14 an image file (captured image) recorded in
the media 48 (S162). Here, an image file is recorded as a
JPEG file in the media 48.

Next, the MPU 20 superimposes the AF frame on the
captured image, which was used for the focus detection by the
AF sensor 8 at the image pickup time (S163). The positional
information of the AF frame is recorded in the VEIFD, and
read out by the memory controller 21.

Next, the MPU 20 displays defocus information in
response to pressing of the MC (S164), and deletes the AF
frame from the liquid crystal monitor 14 (S165).

Next, the MPU 20 displays a focus detecting point (or area)
(S166). Since each focus detecting area corresponds to one
field area and a defocus amount for each field is recorded in a
JPEG file in this embodiment, a focus detecting point is
displayed on the liquid display monitor 14 every one field. An
initially displayed position of the focus detecting point is a
position having the smallest defocus amount.

Next, the MPU 20 allows the memory controller 21 to read
out a defocus amount at a position of the focus detecting point
from the data recording area in the JPEG file, and to display it
on the liquid crystal monitor 14 (S167). FIG. 12 illustrates
this state, where a defocus amount of the focus detecting point
is displayed as “~5 mm” at the lower right portion of the liquid
crystal monitor 14.



US 9,094,598 B2

11

Next, the MPU 20 determines whether an input in one of
the eight directions is made using the MC 33 (S168).

When the MPU 20 determines that the MC 33 has been
operated (Y of S168), the MPU 20 moves the focus detecting
point in accordance with the manipulation of the MC 33
(S171). Therefore, the MC 33 serves as a selector configured
to select a second focus detecting point different from the first
focus detecting point.

Next, the MPU 20 allows the memory controller 21 to read
out a defocus amount at a position of the moved focus detect-
ing point from the data recording area in the JPEG file, and to
display it instead of the pre-movement defocus amount
(S172).

Next, the MPU 20 sets a correcting value used to reduce or
remove a defocus amount (S173). The correcting value is set
s0 as to correct the defocus amount by pressing the MC 33
when the MPU 20 moves the focus detecting point in accor-
dance with a manipulation of the MC 33 and displays the
defocus amount of the focus detecting point. When the MC 33
is operated in the up-and-down direction in this state, a defo-
cus amount can be increased or decreased. A correcting value
having a changed value for the defocus amount is set by again
pressing the MC 33 after the correcting value is increased or
decreased.

On the other hand, when the MPU 20 determines that the
MC 33 is not manipulated (N of S168), the MPU 20 displays
the correcting value of the defocus amount on the liquid
crystal monitor 14 (S169). Next, the MPU 20 determines that
an operational button, such as the release button 30 and the
power button 34, which is not used in the reproduction mode
is operated (S170), the MPU 20 ends the reproduction mode.

According to this embodiment, a photographer can con-
firm image pickup plane phase difference AF data at an arbi-
trary position in the captured image recorded in the image file
when the image is reproduced. In addition, the photographer
can change a position of the focus detecting point, obtain a
defocus amount at that position, and set a correcting value.
Therefore, the photographer can set a correcting value suit-
able for a focus detecting point which the photographer would
like to stress, and improve the correcting value. An MC 33
operating method for changing a value of a defocus amount is
not limited.

Sixth Embodiment

This embodiment uses FIG. 15 instead of FIG. 4. In FIG.
13, the flow from S101 to S106 is similar to that of F1IG. 4, and
the MPU 20 again detects a defocus amount using the AF
sensor 8 after S106 (S175).

Next, the MPU 20 records a defocus amount for each focus
detecting point in the memory controller 21 (S176). The MPU
20 performs S107 and S108 after S176, and then executes a
defocus correcting value setting routine (S177).

FIG. 14 is a flow of a defocus correcting value setting
routine of S177.

Initially, the MPU 20 allows the memory controller 21 to
read out the defocus amount obtained in S175 (S181). Next,
the MPU 20 allows the memory controller 21 to read out a
defocus amount included in each focus detecting area (S182).

Next, the MPU 20 allows the memory controller 21 to
confirm the focus detecting point with which the in-focus
action has been performed (S183).

Next, the MPU 20 calculates a defocus amount based on a
difference between the defocus amount of S181 and the defo-
cus amount of S182 (S184). This operation calculates a dif-
ference between a defocus amount obtained by the focus
detection using the secondary imaging phase difference and
the AF sensor 8 and a defocus amount obtained from the
actually captured image signal.
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Next, the S143 and S144 are performed, and the flow is
then moved to S110 of S13.

This embodiment is different from FIG. 4 in that the focus
detection using the AF sensor 8 is again performed in S175 so
as to detect a precise focus state of the secondary imaging
focus detection when the AF operation ends.

Only focusing of S104 may cause defocus due to the scat-
tering secondary imaging focus detecting precision and the
scattering driving precision of the image pickup lens at the
focusing time. This embodiment can precisely find a differ-
ence between the defocus amounts from the captured image
and a correcting value of a defocus amount by again perform-
ing a focus detection using the AF sensor 8 in S175 so as to
precisely detect the secondary imaging focus state. As a
result, this embodiment can improve the in-focus precision.
Seventh Embodiment

This embodiment uses FIG. 15 instead of FIG. 4. FIG. 15
provides a warning determination routine (S178) instead of
S109 illustrated in FIG. 4. FIG. 16 is a warning determination
routine of S178, and the flow of S141 and S142 is similar to
that illustrated in FIG. 7.

After S142, the MPU 20 determines whether the defocus
amount of S142 falls within a threshold (S185). This thresh-
old is set so as to secure a practically permissible range in
which animage can be considered in focus, or a defocus range
(threshold range) within a circle of confusion.

When the MPU 20 determines that the defocus amount is
within the threshold (Y of S185), the MPU 20 performs S143
and S144 and moves the flow to S110 illustrated in FIG. 15.

On the other hand, when the MPU 20 determines that the
defocus amount is not within the threshold (N of S185), the
MPU 20 provides a warning display on the liquid crystal
monitor 14 so as to inform the photographer of a large defocus
amount as illustrated in FIG. 17 (S186). In FIG. 17, the lower
right portion of the liquid crystal monitor 14 illustrates that an
image was taken when a defocus amount is larger than the
threshold and the main object was out of focus.

The MPU 20 moves to S110 illustrated in FIG. 15 when
any operational member is operated (S187).

This embodiment provides a warning display when a dif-
ference is equal to or larger than a threshold between a defo-
cus amount obtained from the detection result of the AF
sensor 8 and a defocus amount obtained from the detection
result of the focus detecting pixels, and improves the in-focus
precision by informing the photographer of defocus.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2010-105596, filed Apr. 30, 2010 which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image pickup apparatus comprising:

a first image pickup element that includes a plurality of
image pickup pixels each configured to generate an
image of an object by performing a photoelectric con-
version for light from an image pickup lens, wherein the
firstimage pickup element is configured to be located on
a secondary imaging plane;

a second image pickup element that includes a plurality of
image pickup pixels each configured to generate an
image of an object by performing a photoelectric con-
version for light from an image pickup lens, wherein the
second image pickup element is configured to be located
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on a primary imaging plane, wherein the second pickup
element is configured to be able to output signal for
recording image;

a first detector configured to detect a defocus amount
related to a phase difference between two images of the
object from the first image pickup element;

a second detector configured to detect a defocus amount
based on a phase difference for two images of the object
recorded from the second image pickup element; and

a controller configured to provide focusing based on a
defocus amount obtained from a detection result of the
first detector, and set a correcting value used to correct a
defocus amount obtained from a detection result of the
first detector so that a difference can be reduced between
the defocus amount obtained from the detection result of
the first detector and a defocus amount obtained from the
detection result of the second detector, wherein the cor-
recting value is acquired from information according to
the defocus amount detected by the second detector by
using signal for recording image.

2. A focusing method used for an image pickup apparatus,
the image pickup apparatus including a first image pickup
element that includes a plurality of image pickup pixels each
configured to generate an image of an object by performing a
photoelectric conversion for light from an image pickup lens,
wherein the first image pickup element is configured to be
located on a secondary imaging plane, a second image pickup
element that includes a plurality of image pickup pixels each
configured to generate an image of an object by performing a
photoelectric conversion for light from an image pickup lens,
wherein the second image pickup element is configured to be
located on a primary imaging plane, wherein the second
pickup element is configured to be able to output signal for
recording image, a first detector configured to detect a defo-
cus amount related to a phase difference between two images
of the object from the first image pickup element, and a
second detector configured to detect a defocus amount based
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on a phase difference for two images of the object recorded
from the second image pickup element, and the image pickup
apparatus being configured to provide focusing based on a
defocus amount obtained from a detection result of the first
detector, said focusing method comprising setting a correct-
ing value used to correct a defocus amount obtained from a
detection result of the first detector so that a difference can be
reduced between the defocus amount obtained from the
detection result of the first detector and a defocus amount
obtained from the detection result of the second detector
wherein the correcting value is acquired from information
according to the defocus amount detected by the second
detector by using signal for recording image.

3. The image pickup apparatus according to claim 1,
wherein the second image pickup element is configured to be
able to output signal for live view image.

4. The image pickup apparatus according to claim 1,
wherein the second image pickup element is configured to
receive light that passes part of an exit pupil of the image
pickup lens.

5. The image pickup apparatus according to claim 1,
wherein the second detector is configured to detect a defocus
amount related to a phase difference between two images of
the object from the second image pickup element.

6. The image pickup apparatus according to claim 1,
wherein the second image pickup element is configured to
include focus detecting pixels for a first focus detecting point
of a captured image of the object that has been captured.

7. The image pickup apparatus according to claim 1, the
second image pickup element is an image pickup element that
includes a plurality of image pickup pixels each configured to
generate an image of an object by performing a photoelectric
conversion for light from an image pickup lens, and a plural-
ity of focus detecting pixels each configured to receive light
that passes part of an exit pupil of the image pickup lens.
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